When exposed to hot (22-35 xC) and dry climatic conditions in the field during the final 4-6 weeks of pod filling, peanuts (Arachis hypogaea L.) can accumulate highly carcinogenic and immunosuppressing aflatoxins. Forecasting of the risk posed by these conditions can assist in minimizing preharvest contamination. A model was therefore developed as part of the Agricultural Production Systems Simulator (APSIM) peanut module, which calculated an aflatoxin risk index (ARI) using four temperature response functions when fractional available soil water was <0 . 20 and the crop was in the last 0 . 40 of the pod-filling phase. ARI explained 0 . 95 (Pf0 . 05) of the variation in aflatoxin contamination, which varied from 0 to c. 800 mg/kg in 17 large-scale sowings in tropical and four sowings in sub-tropical environments carried out in Australia between 13 November and 16 December 2007. ARI also explained 0 . 96 (Pf0 . 01) of the variation in the proportion of aflatoxincontaminated loads (>15 mg/kg) of peanuts in the Kingaroy region of Australia during the period between the 1998/99 and 2007/08 seasons. Simulation of ARI using historical climatic data from 1890 to 2007 indicated a three-fold increase in its value since 1980 compared to the entire previous period. The increase was associated with increases in ambient temperature and decreases in rainfall. To facilitate routine monitoring of aflatoxin risk by growers in near real time, a web interface of the model was also developed. The ARI predicted using this interface for eight growers correlated significantly with the level of contamination in crops (r=0 . 95, Pf0 . 01). These results suggest that ARI simulated by the model is a reliable indicator of aflatoxin contamination that can be used in aflatoxin research as well as a decision-support tool to monitor pre-harvest aflatoxin risk in peanuts.
INTRODUCTION
Aflatoxin contamination in peanuts caused by the invading soil fungi Aspergillus flavus and Aspergillus parasiticus is a major food safety issue throughout the world. Many countries have attempted to limit human and animal exposure to aflatoxin by imposing regulatory limits of aflatoxin levels in peanuts and its products intended for use as food and animal feed. In Australia, the National Agricultural Commodities Marketing Association (NACMA) trading standard for aflatoxin in growers' stock and retail peanuts is 15 mg/kg (NACMA 2003) . The major cost implications related to aflatoxin in Australia, as in the rest of the developed world, are mainly towards meeting these regulatory limits, which seriously affect profitability for dryland peanut growers, shellers and processors. In recent years, processing costs to remove aflatoxin have been passed on to growers, which has led to a desire to minimize aflatoxin at its source, i.e. in growers' fields, via implementation of appropriate pre-and post-harvest management practices assisted by better understanding of the conditions that favour the contamination.
Although risk of pre-harvest contamination of peanuts is generally recognized to be greater than that of post-harvest contamination , most management practices adopted by the industry to minimize aflatoxin relate to cleaning farmers' stock to an acceptable standard (Dorner 2008) . However, as the removal process is expensive, Dorner (2008) considered prevention of aflatoxin accumulation in the first place as the best way to deal with the problem. Indeed, the major focus of Australian research on aflatoxin minimization has been on prevention of aflatoxin contamination (Wright et al. 2005) . Aflatoxin research carried out in Australia has indicated that adjusting the timing of harvest in relation to the perceived risk of aflatoxin contamination can appreciably minimize pre-harvest contamination (Rachaputi et al. 2002) . In years where the risk of preharvest aflatoxin contamination is high, it is recommended that the crop should be harvested early so that pods are not exposed to the presence of risk factors. In years where the risk is low, it is recommended that the crop be allowed to reach full maturity, thus increasing pod yield potential and quality (Mackson et al. 2001) . High temperatures and end of season drought have been identified as the main climatic risk factors for aflatoxin accumulation (Blankenship et al. 1984; Craufurd et al. 2006; Cotty & Jaime-Garcia 2007) . Achar & Sanchez (2006) showed that maximum growth of A. flavus and aflatoxin production occurred at temperatures between 27 and 30 xC, while temperatures below 10 and above 37 xC resulted in little fungal growth and no detectable levels of aflatoxin.
Research in other crops has suggested that, even when it is possible to obtain information on hostpathogen-environment interaction components, to assimilate this into a decision that would help minimize the impact of this interaction is a very complex task. Recognizing this difficulty, development of riskbased models, which work on assessing the likelihood of damage occurring, is becoming more common (Burke & Dunne 2008) . Indeed, the adoption of the aflatoxin minimization strategy described above (Rachaputi et al. 2002) in Australia hinges largely on better prediction of aflatoxin risk, as quantifying actual aflatoxin content in the field or A. flavus/ A. parasiticus infection on a routine basis prior to harvest is impractical due to sampling issues associated with high cost of chemical analysis (Whitaker et al. 2004) , as well as the geocarpic nature of the crop.
A few preliminary regression models for predicting aflatoxin contamination that assess the main climatic risk factors have been proposed in the USA and elsewhere (Thai et al. 1990; Parmar et al. 1997; Henderson et al. 2000; Craufurd et al. 2006 ), but have not been applied to forecast aflatoxin risk in farmers' fields and therefore have yet to be verified. This is probably because intake policies in those countries do not provide economic penalties for aflatoxincontaminated peanuts. However, in Australia and other countries where penalties are levied or are likely to be levied in the future, such a model will be very valuable for growers (Wright & Hansen 1997) . The present paper describes the development of a new model, which uses a novel crop simulation approach to assess the risk of contamination, its validation and application in aflatoxin research and as a decisionsupport tool by peanut growers.
MATERIALS AND METHODS

The development of the peanut aflatoxin model
The available literature on pre-harvest aflatoxin contamination suggested that both low soil moisture and high temperature during the last 4-6 weeks of pod filling were required to trigger aflatoxin production (Hill et al. 1983; Cole et al. 1985; Dorner et al. 1989) . This information was taken into consideration while developing algorithms of the peanut aflatoxin model as a sub-component of the Agricultural Production Systems Simulator (APSIM) peanut module (Keating et al. 2003 ). APSIM's peanut module uses ambient temperature, radiation and rainfall on a daily time step to simulate peanut growth and yield. Its soil temperature module (Chauhan et al. 2007 ) was used to simulate daily mean soil temperature if soil temperature was not measured. The aflatoxin model simulated an aflatoxin temperature factor (ATF) whenever fractional available soil water during the last 0 . 40 of the pod-filling period was low (<0 . 20). It was then accumulated as a counter. The cardinal temperatures of aflatoxin production, which were essentially based on values published in the literature (Diener & Davis 1970; Gqaleni et al. 1997; Achar & Sanchez 2006) , and values of soil water and stage of pod filling were optimized by using aflatoxin positive loads (aflatoxin>15 mg/kg) data from seasonal intakes of c. 100-500 loads delivered during the 1978-2003 period at one intake point in the North Burnett region (25x36kS, 151x53kE) of Queensland. The crops in these seasons were generally free from any major diseases but a slight incidence of Etiella damage to pods was apparent in dry years (Etiella behrii is a moth of the family Pyralidae, found in Hong Kong, Indonesia, Malaysia and Australia ; the larvae have pest status on peanuts). Rainfall from sowing to harvest varied from 245 to 605 mm with an average of 384 mm/year. The four equations used to derive an appropriate value of ATF were as follows :
For daily mean soil temperature (STemp) <22 xC 
ATF=0
The accumulated ATF was based on the proportion of thermal time computed by the APSIM model. When 0 . 6 of the thermal time target for the pod-filling stage was completed, the rule for accumulating ATF commenced and remained active for the reminder of the 0 . 4 period. ATF was further multiplied by three and was then called the aflatoxin risk index (ARI), with the upper limit for the product of this multiplication being 100 in order to express the index on a 0-100 scale. The accumulated ATF does not decline because aflatoxin, once accumulated, is not metabolized to become non-toxic. If there is a rainfall event or cooler period, ARI becomes stable and only increases when hot dry periods occur again. The model assumed that the aflatoxin-producing fungi, A. flavus and A. parasiticus, were always present in soils wherever peanuts were grown (Cotty & Jaime-Garcia 2007; Klich 2007 ).
Validation of the aflatoxin model
Two independent datasets were used to validate the model, which were not used for optimizing the threshold soil moisture and pod-filling stage that trigger an increase in aflatoxin risk. The first dataset used aflatoxin contamination in 17 large-scale rainfed sowings in a tropical environment at Katherine, Northern Territory, Australia (14 . 46xS, 132 . 26xE, elevation 108 m asl, average annual rainfall 990 mm) carried out between 16 November and 16 December 2008, and four experimental sowings in a sub-tropical environment at Kingaroy, Queensland, Australia (26 . 55xS, 151 . 85xE elevation 440 m asl, average annual rainfall 762 mm) carried out on 13 November and 10 December 2007, two with the mid-season maturing cultivar Middleton and two more with the ultra-early cultivar Walter. The experimental sowings were replicated four times and laid out in a split plot design with sowing dates as main plots and genotypes as sub-plots.
The large-scale sowings were harvested between 4 April and 9 May 2008 and the experimental sowings between 4 March and 30 April 2008. For estimating aflatoxin in the large-scale sowings, an 80 kg sample of pods was drawn randomly from each of the 188 loads by spiking c. 13-20 tonnes of pods at the intake point. This was further reduced to 8 kg which was then shelled to obtain approximately 5 kg of kernels. These kernels were then coarsely milled to ensure that no visible kernels remained. A 2 kg sub-sample from the ground sample was used for aflatoxin analysis.
In the experimental sowings, kernel sub-samples of 1 kg each were drawn randomly from the pods of threshed plants harvested from 2r10 m long rows.
Each sub-sample was crushed in a blender and analysed for aflatoxin content.
The aflatoxin content in peanuts produced at maturity in these sowings was measured using the mini-column method developed by Holaday & Lansden (1975) . Peanuts of the large-scale sowings were categorized into five aflatoxin groups based on the industry standard, e.g. Seg 1 contained <8 mg aflatoxin/kg, Seg 2 8-100 mg/kg, Seg 3 100-400 mg/kg, Seg 4 , with moderately bright fluorescence, >400-800 mg/kg and Seg 5 , with a very bright fluorescence, >800 mg/kg. A regression equation, y=7 . 0444X
2 . 9742 (where X=Seg#) was then used to convert these groups into aflatoxin content in the individual sowings. In the experimental sowings, the actual values obtained were used.
The APSIM model was run for each sowing after parameterizing the agronomic and soil characteristics, assembling temperature and radiation data from the nearest weather stations at Katherine and Kingaroy, located within 1-5 km of the sown area, and the local rainfall recorded in the cropping area in the APSIM format (Keating et al. 2003) . The tropical soil parameterized was of a sandy texture with a soil water holding capacity of 88 mm to a depth of 1 . 8 m. The sub-tropical soil was a Red Ferrosol (deep-red clay loam or oxisols containing c. 60 % clay by volume) with a plant available water holding capacity of c. 120 mm to a depth of 1 . 8 m (Soil Survey Staff 1975) . The ARI of each sowing was regressed against the calculated (in the case of large-scale sowings) or observed (experimental sowings) aflatoxin content of that sowing.
The other dataset used to validate the model was that of proportion of positive aflatoxin loads (trucks containing about 10-20 t peanuts that contained >15 mg aflatoxin/kg) delivered in each season from 1978 to 2008 by peanut growers located in the region to the Kingaroy shelling depot of the Peanut Company of Australia (PCA). The production delivered varied from c. 25 000 t in 1978 to c. 1200 t in 2007. This represented c. 60 (20 t) to 2500 (10 t) truckloads in different years. The crop received in 2008 was c. 5000 t. The average pod yield (nut in shell) of the Kingaroy region in a given year was calculated by dividing the total production delivered to the intake point by the area sown to peanuts.
One regional ARI was simulated for each year using the APSIM model, comprising the aflatoxin model for the Kingaroy region using the rainfall and the temperature data obtained from the local meteorological station. A Ferrosol soil (deep-red clay loam or oxisols containing c. 60 % clay by volume) characterization with a plant available water holding capacity of c. 120 mm to a depth of 1 . 8 m was used in the validation runs. Since information on the actual planting time of the peanuts was not available, rules were framed to ' sow' the simulated crop whenever c. 40 mm rainfall was received over a 7-day period in accordance with local production practices for peanuts. These conditions had to be met within a sowing window between 1 November and 15 January. If any season was left out from sowing using this rule (e.g. in the 2006/07 season), the rule was relaxed for that particular season to allow sowing with only 20 mm rain. The crop inter-row spacing was specified to be 900 mm and a population of c. 10 plants/m 2 established with seeds sown at 40 mm depth. The variety parameters for peanut cultivar Streeton, a commonly grown variety in the region, were used in the simulations. In the absence of actual measurement of soil moisture, it was assumed that the soil profile was fully charged at the beginning of each season. The relationship between ARI and the positive loads was analysed using a regression approach.
Application of the aflatoxin model as a research tool for analysis of historical trends in aflatoxin risk Application of the aflatoxin model as a decision-support tool for farmers
To enable growers to make use of the peanut aflatoxin model, a web-based interface called AFLOMAN was developed. The general architecture of AFLOMAN is shown in Fig. 1 . This interface was used by eight growers with active assistance from researchers in the Kumbia, Wooroolin and Coalstoun Lakes regions (Table 1) where the crop aflatoxin content was also measured. The growers accessed AFLOMAN by logging into their account on its website (www.apsim.info/afloman), which established a link between them and a cluster of 26 dual processor computers that ran APSIM via a 'run machine ' computer maintained by the Agricultural Production Systems Research Unit (APSRU) in Toowoomba, Australia.
The growers recorded daily soil temperature using pre-calibrated Tinytag 1 (Hasting Dataloggers, Australia). Daily rainfall in the paddock was recorded with a rain gauge. Both daily soil temperature and rainfall data for each paddock were entered into the AFLOMAN program and the interface saved it to a Microsoft Access 1 database. Whenever an aflatoxin risk report was requested online, paddockspecific input was emailed from the database to the run machine computer. The run machine queued the report to the cluster, which patched the paddockspecific input into an APSIM simulation template. The program automatically obtained online solar radiation and the ambient temperature input not entered by the growers from a database of historical daily climate data (SILO 2009). Soil temperature input, if not entered for any day, was simulated by the APSIM Soiltemp module for that day (Chauhan et al. 2007) . A report containing the output from the simulation was graphed and then converted into an image file, which was then copied to the AFLOMAN website and could be accessed by the growers in their accounts. Growers received an email notification if their reports were successfully generated.
Monitoring of each grower's farm began at sowing and continued until crops were harvested. The subsamples for aflatoxin analysis were randomly drawn from a bag of c. 5 kg peanuts provided by each grower ; they were taken from the harvested crop that had also undergone some pre-cleaning. aflatoxin content in kernels at harvest was monitored using the mini-column method developed by Holaday & Lansden (1975) . The relationship between ARI and the log transformed values of the observed aflatoxin content (mg/kg) was established using a regression approach.
RESULTS
General growing conditions
The average pod yield in the Kingaroy region varied from 0 . 5 to 3 . 1 t/ha in the 1978-2008 seasons. There was no major foliar disease or insect outbreak, except slight damage to pods by Etiella (E. behrii (Zeller)) in dry years. However, crops in some seasons were more drought-stressed than others. Seasonal rainfall from sowing to harvest varied from 190 to 731 mm in different years. The average pod yield obtained in the large-scale sowings varied from 2 . 7 to 3 . 1 t/ha, while that in the experimental sowings varied from 3 . 1 to 4 . 1 t/ha.
Validation of the aflatoxin model
The relationship between observed aflatoxin contamination and ARI was curvilinear and explained about 0 . 95 of the variation in aflatoxin contamination across different sowings in two diverse environments (Fig. 2) . There was a significant linear relationship (R 2 0 . 96, P<0 . 01) between the proportion of aflatoxin-positive loads (PAPLs) in different seasons from 1998/99 to 2007/08 recorded at the intake point for the Kingaroy region and the ARI predicted for those seasons (Fig. 3) . The maximum ARI simulated was 59 whereas in some years ' nil' or very low ARI was simulated. The years with high ARI had a higher PAPLs. On a longer term basis (from 1977/78 to 2007/08), the relationship of ARI with aflatoxinpositive loads was somewhat poor (R 2 =0 . 65, P<0 . 01), but still linear (data not shown).
Application of the aflatoxin model
Historical trend in aflatoxin risk ARI simulated over different years suggested that there were 6 years between 1890 and 1979 when ARI >20 (Fig. 4) . However, the frequency of years with such high risk increased substantially during the post-1980 period. The 5-yearly moving average during the pre-1980 period was above the overall average only briefly, on three occasions, and then declined shortly thereafter. However, it was more than the long-term average for most of the post-1980 period. The probability distribution functions of ARI for the pre-and post-1980 periods (Fig. 4) suggested that the probability of ARI being >0 was 0 . 81 during the post-1980 period whereas it was <0 . 54 in the pre-1980 period (Fig. 5) . While the range of ARI during the two periods was similar, the probability of ARI being >20 was only 0 . 10 during the pre-1980 period compared with more than 0 . 33 during the post-1980 period.
The averages of ARI and associated risk factors, including ambient temperature and rainfall, suggested almost a three-fold increase in ARI along with increases in maximum and minimum temperatures and decrease in rainfall (Table 2) .
In-season monitoring of aflatoxin risk in growers' fields ARI varied amongst growers and across regions (Table 1) . ARI values were >0 for five of the eight growers' crops. The final in-season aflatoxin risk reports for crops in two paddocks of comparable sowing times and with the same cultivar in midNovember, one at Kumbia and another in Coalstoun Lakes, were chosen for graphic illustration of inseason monitoring undertaken in the 2005/06 season to highlight differences that can arise due to location effects (Fig. 6) . The ARI of the two crops in the same season (2005/06) reached up to 36 at Kumbia and 100 at Coalstoun Lakes. The increase in ARI was slower and occurred from 132 days after sowing onward at Kumbia compared to 106 days after sowing at Coalstoun Lakes, where about half of the increase in ARI occurred within the first 20 days. Both locations were characterized by terminal drought ; however, the Coalstoun Lakes region experienced warmer soil temperatures and an earlier onset of terminal drought. Also, within a location (e.g. Kumbia), ARI differed between growers' fields depending upon the time of planting and variety (Table 1) , which also led to the crop experiencing different end-of-season conditions if their maturity time differed.
Aflatoxin contamination in these farms ranged from 0 to 1600 mg aflatoxin/kg, the highest being for a farm in the Coalstoun Lakes region ( Table 1) . The relationship between ARI and the log transformed aflatoxin content was linear (Fig. 7) . The ARI explained 0 . 92 of the total variation in the aflatoxin content and the relationship was significant (Pf0 . 01). While the slope of the relationship was significant, the intercept was not, indicating that aflatoxin contamination was likely to be detected when ARI was >0, but unlikely when ARI=0. On the basis of this particular relationship, the unacceptable level of aflatoxin (>15 mg/kg) was expected to occur when ARI approached 40. The model could generate false positives (i.e. aflatoxin content being 0 mg/kg, but ARI simulated >0) or false negatives (significant aflatoxin contamination detected when ARI=0). While false positives could largely be due to inadequate sampling, false negatives could be due to the incorrect input of rainfall or temperature into the model. Site-specific rainfall and soil temperatures reduce the likelihood of false negatives considerably. The Australian peanut industry considers significant aflatoxin to be more than 8 mg/kg although the NACMA standard is 15 mg/kg kernel for peanuts as human food. Biologically, any amount of aflatoxin is bad for us and the harmful effects increase with the amount ingested.
DI SCU SSI ON
Earlier studies have shown that the peanut module of the APSIM suite of crop models can simulate podyield of peanuts with reasonable accuracy (Hammer et al. 1996; Robertson et al. 2002) . Since the module can also estimate the water deficit experienced by the crop, its use in simulating aflatoxin risk and its subsequent development as a decision support system (DSS) was explored in the present study. The highly significant relationship between ARI and the observed PAPLs delivered by growers to peanut shellers indirectly suggested that the ARI predicted by the model in conjunction with the APSIM peanut module is able to capture the climatic risk of aflatoxin contamination with reasonable accuracy. This means that in a given year with a higher average ARI, more contaminated loads can be expected at sheller's intake points. The reliability of the aflatoxin model was more directly supported by a significant relationship between aflatoxin contamination and ARI for 21 sowings in the 2007/08 season. The present results therefore suggest that the modelling framework developed is able to reliably predict the risk of aflatoxin contamination posed by prevailing climatic conditions. Achar & Sanchez (2006) considered temperatures of 27-30 xC as the most important factor for mycelial growth and aflatoxin production by A. flavus. There could be other factors, including insects, that could also contribute to some level of aflatoxin contamination in field conditions by making them more vulnerable to Aspergillus invasion (Hill et al. 1983) . Currently, the present model does not explicitly account for the direct effects of a number of insects including E. behrii. Since Aspergillus spp. only accumulate aflatoxin in a very limited range of temperatures and soil moistures (Blankenship et al. 1984; Achar & Sanchez 2006; Craufurd et al. 2006 ) and recent investigations suggest that the risk posed by Etiella is also modulated by similar temperatures (Y. S. Chauhan, H. Brier, G. C. Wright & R. N. Rachaputi, personal communication) , most of the contribution of Etiella and other insects to aflatoxin risk may be accounted for indirectly. This argument is supported by the close relationship between ARI and observed aflatoxin-positive loads, which could have also included some contribution made by Etielladamaged pods, over the last 10 seasons (Fig. 3) . It is also possible that the severity of foliar diseases, which can alter crop growth and yield of peanut (Naab et al. 2009 ) and hence possibly soil water use, can also contribute to aflatoxin risk and may not be accounted for by the aflatoxin model. Fortunately, such diseases were not a large problem in the region covered in the present study.
Wet harvesting of a crop could also favour aflatoxin contamination, which could confound the relationship between ARI and aflatoxin contamination. In recent years, the development of machines that can invert the crop while digging out the pods in order to achieve better windrow drying, as well as the creation of artificial drying facilities, seem to have reduced this possibility considerably. Artificial and windrow drying was less common in the 1980s and 1990s, which could be the reason for the poorer relationship of ARI and aflatoxin-positive loads on a longer-term dataset beginning in the 1977/78 season. Since the 1998/99 season, none of the years have had a wet harvest and windrow drying was more commonly practiced, which would account for 1 8 9 6 1 9 0 1 1 9 0 6 1 9 1 1 1 9 1 6 1 9 2 1 1 9 2 6 1 9 3 1 1 9 3 6 1 9 4 1 1 9 4 7 1 9 5 1 1 9 5 6 1 9 6 1 1 9 6 6 1 9 7 1 1 9 7 6 1 9 8 1 1 9 8 6 1 9 9 1 1 9 9 6 2 0 0 1 2 0 0 6 1890-1979 (pre-80) and 1980-2007 (post-80) .
the better relationship between ARI and observed aflatoxin positive loads since that time, as shown in Fig. 3 . The long-term analysis of risk factors of aflatoxin production in the Kingaroy region clearly suggested that temperatures increased and rainfall was reduced during the post-1980 period, which could be associated with climate change. The spectre of climate change poses a new challenge to researchers, to look for additional approaches to deal with many harmful organisms that affect many crops (Walters & Fountaine 2009 ). The application of the peanut aflatoxin model as a research tool suggested that the changed climatic conditions in the Kingaroy region have caused a three-fold increase in risk of aflatoxin contamination. Indeed, in the period prior to 1980, aflatoxin contamination in the dryland production region of Kingaroy was less severe. However, the situation seems to have changed significantly since 1980, which is captured well by the model. Cotty & Jaime-Garcia (2007) have alluded recently to the possibility that climate change could lead to substantially increased levels of aflatoxin contamination. The present study provides supporting evidence that climate change can also affect the quality of food being produced. The study suggests that any systematic change in ARI could also serve well as a reliable indicator of climate change, as discovered when using the aflatoxin model for the Kingaroy region.
The increased frequency of contamination in recent years resulting from the local impact of climate change has made it necessary for growers to adapt to changes occurring in their environments in order to stay profitable. The key steps required for them to adapt will be the need to monitor their crops and harvest them before significant aflatoxin risk occurs, or conversely leave them in the ground to reach full maturity if no risk is present. The strength of the relationship between ARI and the PAPLs provided confidence in using ARI as a DSS via its computation on the internet. The key components developed to enable growers to compute ARI ' online ' using the web-based interface were its easy-to-use interactive web-interface and the ability to integrate information from different sources, including growers' input of rainfall, air and soil temperatures as well as from the nearest met station in order to run the APSIM model in real time. Since rainfall and soil temperature can vary a great deal between fields, direct input by growers was expected to further increase the accuracy of simulation. The web-interface of the model thus provided peanut growers with a ' turnkey' option to run the complex APSIM peanut model in order to determine ARI for their individual crops.
The significant positive relationship of ARI with log transformed aflatoxin values measured in eight growers' crops using the DSS tended to further confirm that ARI was a reasonably good predictor of the risk faced in their crops, although the relationship tended to be slightly different from that obtained for large-scale and experimental sowings (Fig. 2) . The difference in the two relationships could lie in differences in the procedure followed for sampling peanuts for aflatoxin measurement. Growers could only provide a relatively small sample (<5 kg) of pre-cleaned peanuts for the analysis which they set aside during threshing, compared to the large-scale or replicated sampling on which Fig. 2 was based. The difference in the relationships could also be partly due to different degrees of pre-cleaning (removal of immature and high aflatoxin-risk pods that could have been done to varying degrees by some growers in order to obtain a better quality grade, and hence price, at the intake point. The relationship given in Fig. 7 suggests that when ARI is high (e.g. >40), some unacceptable levels of aflatoxin contamination are most likely to be detected. If this can be verified in more growers' fields, it could assist growers as well as processors to identify crops that are most likely to have been excessively contaminated. This information would be useful to shellers, allowing them to target specific crops for more intensive testing for aflatoxin contamination.
In conclusion, the results of the present study suggest that the peanut aflatoxin model has proved to be reasonably robust in predicting aflatoxin risk through ARI in diverse Australian environments. As aflatoxin is a worldwide problem, such an approach could be extended globally, but it is not known how the model will perform in other situations or locations. Online availability of daily climatic data in Australia offers a significant advantage for monitoring of aflatoxin risk in near real time using the model as a web-based decision support tool, as described in the present paper. The approach adopted takes crop modelling science a step further in that it empowers growers to use crop models to manage the aflatoxin problem in their crops using the internet, even though they have limited knowledge of the model itself. This approach also adds value to climatic data that is collected at weather stations as well as by growers. The use of the model as a research tool to examine the possible impact of climate change on food safety is another significant application that may permit better understanding Special thanks for funding this research go to the Grains Research and Development Corporation (GRDC) through the aflatoxin projects DAQ543 and DAQ00070, and the Australian Centre for International Agricultural Research (ACIAR) through project PHT/97/017. We would also like to acknowledge and thank PCA for agronomic support and crop statistical information, and the Burnett district growers who cooperated in the study.
